with eye movements whether two stimuli presented during fixation were the "same" or "different" (50% of the K.U.Leuven Campus Gasthuisberg trials were "different" trials, i.e., trials requiring a "different" response).
lated positively with stimulus prototypicality, r ϭ 0.49, p ϭ 0.075.
Further analyses show that the pattern of asymmetries differed between monkeys (correlation between the asymmetries of the two subjects, r ϭ 0.28, ns). The asymmetries were related to prototypicality in monkey 2A, r ϭ 0.76, p Ͻ 0.01, but not in monkey 2B, r ϭ 0.04, ns. The asymmetries in monkey 2B showed instead a significant correlation with the position of stimuli on the primary axis of the stimulus configuration, r ϭ 0.68, p Ͻ 0.05. To summarize, stimulus comparisons were asymmetric in each of the four monkeys, and these 
Stimulus Comparisons by Human Subjects
for each parametric configuration (this prototype was never shown
The pattern of asymmetries in the monkeys showed the to subjects). same overall relationship with stimulus prototypicality that was found in human subjects in many other studies [6] [7] [8] [9] [10] [11] . However, we found large differences in the patof asymmetries was not correlated between monkeys, r ϭ Ϫ0.12, nonsignificant (ns). A general difference betern of asymmetries between monkeys. To our knowledge, none of the studies in human subjects reported tween the monkeys was the size of the relationship between asymmetries and prototypicality in the stimulus interindividual differences in the pattern of asymmetries, and the results were always averaged across many subgroups. For monkey 1A, the average difference in asymmetry between prototypical and other stimuli was most jects. So, in a subsequent study, we determined whether human subjects also show marked interindividual differpronounced for stimulus group a (difference 0.18, 0.04, and 0.12 for group a, b, and c, respectively). For monkey ences in asymmetries in stimulus comparisons. Ten humans rated the similarity between two successively pre-1B, this difference was most pronounced for stimulus group c (difference 0.05, 0.05, and 0.26 for group a, b, sented shapes of the second stimulus set ( Figure 1B ) on a scale from 1 (very similar) to 9 (very dissimilar) in and c, respectively). To summarize, these data reveal that stimulus comparisons in monkeys are asymmetric two sessions of 270 trials. We used this rating task in humans instead of a same/different task with a binary and that prototypicality is an important factor for explaining these asymmetries. This is exactly what would response, (i) because a rating task is more standard in the human literature (allowing us to make a more general be expected from the human literature [6] [7] [8] [9] [10] [11] .
The two other monkeys (2A and 2B) performed the statement about interindividual differences in human subjects); (ii) because previous research in human subsame task with another set of ten shapes with a specific position in a two-dimensional parametric space (Figures jects has indicated that the pattern of asymmetries is comparable across a wide variety of tasks, including 1B and 2B). Monkey 2A and 2B performed three and four sessions, respectively, with at least 1800 trials in similarity ratings and same/different responses [7] ; (iii) because human subjects would make almost no errors each session (average performance: 74% and 79% for monkey 2A and 2B, respectively). Figure 2B displays the in the temporal same/different task with these stimuli (resulting in a ceiling effect); and (iv) because we needed MDS-derived, two-dimensional representational space for the average and individual data of these monkeys. a reliable single-subject assessment of asymmetries for a reasonable number of subjects (with the same/differThe distance between stimuli is similar in the perceptual representational space compared to parametric space, ent task, this would require thousands of trials for each of the subjects). although there seems to be a compression of the distance between stimuli located more at the left in stimulus MDS analyses revealed that the relative position of stimuli in perceptual representational space is similar space.
The existence of asymmetries was assessed by comto the stimulus configuration in parametric space ( Figure  2C ). The existence of asymmetries was assessed by paring all trials in which a particular stimulus was the first stimulus with all trials in which this stimulus was comparing all trials in which a particular stimulus was the first stimulus with all trials in which this stimulus the second stimulus. The stimulus comparisons by these monkeys were asymmetric ( Figure 2B ). These asymmetwas the second stimulus. The averaged human data showed reliable asymmetries (correlation between the rics tended to be correlated between behavioral sessions. For monkey 2A, the intersession correlation was first and second session, r ϭ 0.81, p Ͻ 0.01). There was a significant correlation between asymmetry and small between sessions 1 and 2, r ϭ 0.31, and between sessions 1 and 3, r ϭ 0.07, but it was strongly significant prototypicality, r ϭ 0.79, p Ͻ 0.01 ( Figure 2C ). As found for monkeys, large interindividual variability between sessions 2 and 3, r ϭ 0.75, p Ͻ 0.01. For monkey 2B, all intersession correlations were significant, mean in the pattern of asymmetries was present. For individual subjects, asymmetries were correlated between the first r ϭ 0.83, minimal r ϭ 0.77, p Ͻ 0.01. The asymmetries averaged across these two monkeys tended to be correand second session of the same subject, r ϭ 0.50 (SD ϭ 
0.18). This consistency was significantly less pronounced
show little evidence for such a relationship (the smallest correlation between asymmetries and prototypicality for (permutation test, p Ͻ 0.001, see the Experimental Procedures) when the first session of one subject was coman individual human subject was r ϭ 0.08). As such, the variability between monkeys seems to fit the variability pared with the second session of another subject, r ϭ 0.20 (averaged across all 90 possible combinations conseen in human subjects. sisting of sessions of different subjects). This interindividual variability is illustrated in Figure 2C for two Asymmetric Stimulus Comparisons: A Hypothesis The fact that asymmetries occur in a species that has subjects. The pattern of asymmetries tended to be correlated negatively between these two subjects (r ϭ been used intensively in neurophysiological studies allows us to link this phenomenon with neural pro-Ϫ0.43; correlations between pairs of subjects ranged from Ϫ0.57 to 0.83). Asymmetries were correlated signifcesses. Accurate performance in stimulus comparison tasks such as the temporal same/different task requires icantly with prototypicality in neither of the two subjects (for human 1, r ϭ 0.35, ns; for human 2, r ϭ 0.51, ns). that a response be based on the comparison of at least two stimuli. The repetition of a stimulus in a trial defines Thus, while a strong relationship between asymmetries and prototypicality is found when the asymmetries are a "same" trial, and previous studies have suggested that this detection of stimulus repetition is reflected in averaged across a number of subjects, some subjects [15] . From the combination of the within-trial and between-trial response suppresby weighting them with a scalar that was smallest in "same" trials and 1 in "different" trials for the most dission due to stimulus repetition, it follows that when the more familiar stimulus is the first stimulus in a trial, there similar stimuli. The latter weighting modeled the effect of match suppression. The output of the model was will be a smaller difference in response strength between the two stimuli compared to a situation in which all the ratio of the average response strength of second presentation responses compared to first presentation stimuli are equally familiar (Figures 3C and 3D) . As a consequence of this smaller difference in response responses. This output is interpreted as the tendency to respond "different" to a particular stimulus pair. The strength, there will be an increased behavioral tendency to respond "different." In the same way, when the more asymmetries in the model output were analyzed by comparing the average output for all stimulus combinations familiar stimulus is the second stimulus, there will be a decreased tendency to respond "different" because of in which a particular stimulus was the first stimulus with the average output for all combinations in which this a larger difference in response strength between the two stimuli in a trial (Figures 3C and 3E) . The difference stimulus was the second stimulus. The simulations revealed that the model output between Figures 3D and 3E in response reduction from the first to second stimulus will result in a behavioral showed asymmetries that were highly correlated with prototypicality (r Ͼ 0.95); this finding demonstrates that asymmetry, and studies with human subjects have revealed, indeed, that a manipulation of stimulus familiarthe proposed mechanism can account for asymmetric stimulus comparisons. The occurrence of asymmetries ity induces asymmetric similarity judgments [11] .
The same reasoning can be extended to other factors did not depend on the size of the response reduction due to prototypicality and match suppression, but these beyond stimulus familiarity such as stimulus prototypicality. A prototypical stimulus has a high average similartwo parameters influenced the size of the asymmetries relative to the range in the tendency to respond "difity to the other stimuli in a set, and fMRI studies have suggested that stimuli that are more similar to previously ferent." This hypothesis suggests that fairly simple mechapresented exemplars are associated with lower activity in visual cortex [16] . Thus, according to our hypothesis, nisms might underlie the occurrence of asymmetries. An additional question is whether this hypothesis can this difference in response strength between stimuli results in behavioral asymmetries in monkeys because it also account for the interindividual variability that we found. One way to explain this variability would be to influences the amount of response reduction from the first to the second stimulus in a comparison task.
assume that there exists interindividual differences in which stimuli are associated with the strongest neuronal We formalized this hypothesis in a computational
Reanalysis of Previous Data

responses (e.g., because of differences in previous ex-
The data of monkeys 1A and 1B were collected during a previous perience). Alternatively, it could be related to previous study that was not designed explicitly to investigate asymmetries findings that suggest that there are interindividual differ- [5] 
theory.
We used a permutation test to determine whether the mean withinsubject correlation of the pattern of asymmetries in the ten huExperimental Procedures man subjects was significantly higher compared to the mean between-subjects correlation of the asymmetries (between sessions of different subjects). We constructed a 10 ϫ 10 matrix, with the The general procedures and apparatus for stimulus presentation, rows and columns corresponding to all first and second sessions, data collection, animal training, and behavioral control have been respectively. Each cell contained the correlation between the asymdescribed previously [5] . All procedures were approved by the local metries in the corresponding row and column sessions (the diagonal ethical committee for animal use. cells compared the two sessions of one subject). We randomly selected 10 different cells from this matrix 10,000 times, and we Stimulus Presentation counted how many times the mean correlation of the 10 selected The parameters for stimulus presentation were the same for human cells was at least as high as the mean correlation in the diagonal subjects and monkeys. Each stimulus (maximum size, 6Њ) was precells. sented for 300 ms and was separated by an interstimulus interval of 500 ms. Responses were made when the second stimulus in a
